SUMMARY Gastric emptying of indigestible solids depends on their size. It is not clear whether physical characteristics other than particle size affect emptying of indigestible solids from the fasting human stomach. We studied gastric emptying of three differently shaped particles, (cubes, spheres, rods) of either hard or soft consistency during the fasting state in human volunteers. The shape of indigestible particles did not affect their emptying. The area under the gastric emptying curve (AUC: particlesX hour) was for hard cubes 24.7 (2.2), for hard spheres 27-9 (1.6), for hard rods 26.9 (2.7). All soft particles emptied faster than their identically shaped hard counterparts, but there was no difference among the three shapes (AUC for soft cubes: 29.2 (3.0), for soft spheres 32.0 (1P8), for soft rods 34.1 (1P2). If gastric emptying of hard and soft particles was compared independently of their shape, soft particles emptied significantly faster than hard ones: AUC 31.8 (1-2) v 26-5 (1.3) (p<001). In conclusion, the consistency but not the shape significantly affects gastric emptying. Specific physical characteristics other than size and shape may affect gastric emptying of indigestible particles which may be of importance in the design of drugs.
Gastric emptying of indigestible solid particles differs considerably depending on whether they are ingested during the fasting state without any food or ingested with a meal.'`In the fasting state, gastric motility is organised into interdigestive motor cycles that recur periodically until being disrupted by food intake.' Phase III of the interdigestive cycle consists of a burst of contractions thought to sweep out the stomach food components and solids that were not liquefied and emptied during the fed motility state. Whereas a number of studies have dealt with gastric emptying patterns of indigestible food components or solid particles ingested with meals,2-5 little work has been done regarding the emptying of indigestible solids from the fasting human stomach. 6 Smith and Feldman have shown that indigestible markers made from polyvinyl tubing were emptied from the fasting human stomach at similar rates whether they were 2 or 10 mm long.6 This, however, might have arisen because the markers had the same diameter of 2 mm. The present study was undertaken, therefore, to further characterise the physical properties of indigestible solids that may affect their emptying from the fasting human stomach. We studied gastric emptying of indigestible particles of different forms and consistencies that were taken during the fasting state. We assumed that ingestion of markers without food would not induce a fed motility pattern.6
Methods

SUBJECTS
Thirty three healthy, male volunteers (mean age 33 years, range 21-62) participated in these studies.
The protocol was approved by the Local Ethical Committee and each subject gave written informed consent.
All studies were carried out in the morning after an overnight fast of at least 10 hours. The subjects ingested 10 solid radio-opaque markers with 50 ml tap water. The markers used were custom made synthetic particles impregnated with barium sulphate. Three different forms of markers were used: spheres (0.2 mm), cubes (2x2x2 mm), and rods (2 x 2 x 10 mm). Each different consistencies: hard (Shore D70) markers were made from polyurethane and had a density of 17; soft (Shore A28) markers were made from polymerised silicone rubber and had a density of 1.4 (the consistency of the latter is comparable with that of a pencil eraser).
Twenty seven subjects were studied twice. They were divided into three groups of nine subjects who ingested 10 markers of a particular shape with either hard or soft consistency on two different days in random order. Six further subjects were studied on three different days. On each day, they ingested 10 hard markers of a particular shape in random order.
Radiographic spot films of the upper abdomen (24 x 30 cm) were obtained 0 5, 1, 2, and 4 hours after marker ingestion using a high voltage technique (100 KV) to minimise radiation exposure. The films were assessed independently by two observers (BM and CB) for the number of markers retained in the stomach. Disagreement between the two observers was noted in the interpretation of five of the total 72 spot film series (7%); these film series were reviewed and an agreement was reached. If all markers had emptied from the stomach in less than four hours, subsequent radiographs were omitted. 
Results
Spheres, cubes, and rods of hard consistency were emptied from the stomach at very similar rates despite marked differences in shape (Fig. 1) . One hour after administration, approximately 50% of hard particles had left the stomach (Table 1 ) and after four hours over 90% had emptied. Figure 2 shows the emptying of the three differently shaped markers with soft consistency. Again, it is apparent that the soft particles were emptied at comparable rates Table 2 . Owing to a quite large variability because of single studies where subjects emptied either type of particle very rapidly, the differences in Table I and  Table 2 between hard and soft markers of particular shapes did not reach statistical significance. Because the shape of the markers did not influence their emptying, we assessed emptying independently of the form of the markers and compared emptying rates of soft and hard markers (Table 1 , last column). Figure 3 shows the emptying curves for all hard and all soft particles. Regardless of the shape, soft particles emptied statistically significantly (p<0-01) faster than hard ones, resulting also in a significantly larger AUC (Table 2 , bottom). Although these markers differed considerably in their length, their diameter were identical and this might have been the reason why there was no difference in the emptying rates. In our study, we were able to show that in the fasting state, in addition to the length, the shape of solid particles also had no effect on gastric emptying. The markers we used were differently shaped, however, they also differed to some extent in their size, as shape and size are interrelated physical characteristics.
More interesting, however, is our finding that soft particles empty significantly faster from the stomhach than hard ones. In dogs, it has been found that the density of indigestible markers affects the rate of their emptying.' Polyamide spheres with a density of 1-0 emptied significantly faster than Teflon spheres of the same size, but with a density of 2 0. We cannot exclude that the lower density of the soft markers was responsible for the observed faster emptying, however, the difference of the densities of the two types of markers was small -that is, that of hard particles was 1. 
